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ABSTRACT

Recently, the abundant and biodegradable biomass was reported to be
convenient for oil spill clean—up due to its low-cost and environmental friendly. One
of the agricultural wastes, namely oil palm leaves (OPL) were chemically modified
by a fatty acid, lauric acid (LA) and employed as an adsorbent to remove crude oil
from aqueous solution. The textural and surface properties of the lauric acid
modified oil palm leaves (OPL_a) were characterized by FTIR, FESEM, and N,
adsorption. Thermal stability of the adsorbents was characterized by TGA. The
effect of several parameters such as solution pH, loading of adsorbent, contact time,
initial crude oil concentration, and adsorption temperature on crude oil adsorption
were investigated. It was found that addition of LA created non-polar layer on oil
palm leaves surface, thus endowing OPL A with much better adsorption capacity for
crude oil removal from aqueous solution. The adsorption was found to be dependent
on all the studied parameters. The kinetic study revealed that adsorption process was
rapid and obeyed pseudo second-order model. The equilibrium time was short and
could be achieved within 20 minutes. Isotherm study indicated that the oil adsorption
was fitted well by Freundlich model. The maximum adsorption capacity of OPLa
controlled by the solubilization mechanism was 1176.00 + 12.92 mg g™ with the
removal percentage of 42.00 + 0.46 % at 303 K. The potential of OPL 4 to adsorb
crude oil from crude oil contaminated seawater achieved 34.02 + 0.45 % removal
with the maximum adsorption capacity of 952.66 + 11.31 mg g™. These results
demonstrated the potential of OPL_a as an alternative low-cost, biodegradable and

effective adsorbent for oil spill clean-up.
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ABSTRAK

Kebelakangan ini, biomas yang banyak dan boleh terbiodegradasi telah
dilaporkan berguna untuk pembersihan tumpahan minyak disebabkan oleh ianya
yang berkos rendah dan mesra alam. Salah satu daripada bahan sisa pertanian iaitu
daun kelapa sawit (OPL) telah diubahsuai secara kimia dengan menggunakan asid
laurik (LA) dan dijadikan sebagai bahan penjerap untuk pengasingan minyak mentah
daripada larutan akueus. Tekstur dan sifat permukaan daun kelapa sawit yang telah
diubahsuai menggunakan asid laurik (OPL_a) telah dicirikan dengan menggunakan
FTIR, FESEM, dan penjerapan N,. Kestabilan terma bahan-bahan penjerap juga
telah dicirikan menggunakan TGA. Kesan beberapa parameter seperti pH larutan,
muatan bahan penjerap, masa sentuh, kepekatan awal minyak mentah dan suhu
penjerapan ke atas penjerapan minyak mentah telah dikaji. Didapati bahawa
penambahan LA telah menyediakan lapisan tidak berkutub pada permukaan daun
kelapa sawit lalu menghasilkan OPL_a yang mempunyai kapasiti penjerapan yang
lebih baik untuk pengasingan minyak mentah daripada larutan akueus. Hasil kajian
mendapati proses penjerapan adalah dipengaruhi oleh semua parameter yang dikaji.
Kajian kinetik menunjukkan bahawa proses penjerapan adalah cepat dan mematuhi
model Kinetik tertib-kedua-pseudo. Masa keseimbangan adalah singkat dan boleh
dicapai dalam tempoh 20 minit. Kajian isoterma mempamerkan bahawa penjerapan
minyak adalah menepati model Freundlich. Kapasiti penjerapan maksimum OPLa
yang dikawal oleh mekanisme penjerapan-pelarutan adalah 1176.00 + 12.92 mg g™
dengan peratus penyingkiran sebanyak 42.00 + 0.46 % pada 303 K. Potensi OPL
untuk menjerap minyak mentah daripada air laut yang dicemari minyak mentah telah
mencapai peratus penyingkiran sebanyak 34.02 + 0.45 % dengan kapasiti penjerapan
maksimum sebanyak 952.66 + 11.31 mg g™. Hasil kajian telah menunjukkan potensi
OPL_a sebagai alternatif kepada bahan penjerap yang murah, boleh terdegradasi dan

efektif untuk pembersihan tumpuhan minyak.
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CHAPTER 1

INTRODUCTION

1.1  Background of Study

Petroleum is an important energy source and raw chemical material.
Nowadays, rapid growth in economy and civilization developement has led to the
tremendous consumption of petroleum products. With approximately 10 million tons
of petroleum products and derivatives being used daily worldwide (Abdullah et al.,
2010), the world is facing a great risk of petroleum products contamination in the
environment. Oil and chemical spills accidents can be caused by human mistakes
and carelessness, deliberate acts such as vandalism, war and illegal dumping, or by
natural disasters such as hurricanes or earthquakes. Offshore and shoreline waters
can be polluted by oil drilling operations, accidents involving oil tankers, runoffs
from offshore oil explorations, and spills from tanker loading and unloading
operations (Vlaev et al., 2011). Inland water bodies can be polluted by leaking of oil
through pipeline corruptions, runoff from oil fields and refinery areas and process

effluent from petrochemical plants.

Massive marine oil spills have occured frequently and resulted in a great deal
of damage to the marine, coastal and terrestrial habitats, economical impacts on
fisheries, mariculture and tourism and loss of energy source. Between 1974 and
1994, there were 174 major oil spills worlwide (Fingas, 2000). The cost just to clean
up the contaminated site may go as high as $20-$200 per litre in USA and Canada,
depending on the location and type of oil spilled (Abdullah et al., 2010).



An extensive literature has been devoted to the removal of oil from aqueous
solution. These studies almost exclusively use either inorganic mineral materials,
organic synthetic product or organic natural materials as the adsorbent (Teas et al.,
2001). However, the use of various types of natural organic adsorbents, such as wool
(Radetic et al., 2008), lemon peel (Bhatnagar et al., 2010), cotton (Deschamps et al.,
3002), rice husk (Kumagai et al., 2007), and baggase (Sun et al., 2004) are
particularly interesting because of their relatively high adsorption capacities,
biodegradability and cost effectiveness compared to the synthetic polymeric fibers
that are normally used (Lim and Huang, 2007). In spite of having all these efficient
adsorbents, the search for abundant and locally available adsorbents with a good oil-
sorption capacity is still required for the development of the best available oil-

removal technologies.

The local oil-palm industry is estimated to generate 30 million tons of
lignocellulosic biomass per year in the form of trunks, fronds, empty fruit bunches
and leaves (Sumathi et al., 2008). These wastes are not being utilized effectively;
land filling and open burning are common practices to eliminate these oil-palm
residues, and these methods can cause pollution that adversely impacts the
ecosystem (Hashim et al., 2010). Therefore, finding uses for these abundant
biomasses, especially on a large scale, would be profitable from both an

environmental and an economic point of views.

To the best of our knowledge, no work has been conducted on the removal of
petroleum hydrocarbons from water by oil palm biomass either for surface or
dissolved oil. Therefore, herein we chose oil palm leaves (OPL) as a model
adsorbent and studied their potential for removing crude oil from water. Our results
are also expected to extend the application of abundant OPL beyond animal feed and
fertilizer. However, OPL was reported to consist of 47.7 % holocellulose and 27.4 %
lignin by using Wise and Klason method, respectively (Hashim et al., 2011). It was
also reported that 44.5 % of the holocellulose were a-cellulose. It must be noted that
the total percent of the chemical composition is more than 100 % which due to the

different method used by previous study. Due to the presence of many hydrophilic



groups on the surface of OPL, the surface characteristics of the OPL should be
improved to become more hydrophobic for more effective oil adsorption.

Several studies have been conducted for the surface modifications of
agricultural waste/byproduct, particularly by using surfactants (Mao et al., 2009;
Fanta et al., 1987), but the use of fatty acids is still rare. Therefore, the present study
attempted to use lauric acid (LA) to modify the surface of OPL from polar to
hydrophobic and investigate the oil adsorption capacity under various experimental
conditions including pH, adsorbent dosage, contact time, initial oil concentration and
temperature. The uptake of oil by OPL_a was proved by Fourier-transform infrared
spectroscopy (FTIR), field-emission scanning electron microscopy (FESEM) and
surface area analysis (BET method). The equilibrium, kinetics and thermodynamics

of the adsorption were also investigated.

1.2 Problem Statement

Water pollution by oil has left undesired impact on the environment, aquatic
life as well as other living organism. Therefore, an adequate treatment of the polluted
water is required. The search for an efficient technology for the removal of oil from
ageuous solution has directed attention to adsorption due to its operational
simplicity, low cost requirement and also high effectiveness (Ngah et al., 2008).

Due to the high cost and non-biodegrabadility of the current adsorbent, the
search for a biodegradable material with excellent adsorption capacity and
abundance in local area is still required. Improper handling of oil palm leaf wastes
generated from palm oil industry have put an adverse impact on the ecosystem. To
the best of our knowledge, no work has been conducted on the removal of petroleum
hydrocarbons from water by oil-palm biomass either for surface or dissolved oil.
Therefore, in this study we chose oil-palm leaves (OPL) as a model adsorbent and

studied their potential for removing crude oil from water.



Hashim et al., (2011) reported the characteristics of OPL, which is rich in
cellulose, hemicellulose and lignin. It was expected that most of the raw agricultural
waste including OPL usually exhibited low oil adsorption capacity due to the low
hydrophobicity properties. Thus, it is important to counter this drawback by
enhancing the hydrophobicity of the adsorbent. Radetic et al., (2008) reported that
high oleophilicity is the reason for the outstanding adsorption capacity of most of the
currently available commercial adsorbent. Ibrahim et al., (2010) also reported the
surface modification of raw agricultural waste to boost its performance by increasing

the hydrophobicity property of the adsorbent.

Despite the various surface modification methods developed, the role and
mechanism of lauric acid in the enhancement of hydrophobicity of OPL have not
been discussed yet. Therefore, this study was conducted to investigate the
enhancement of crude oil adsorption capacity of OPL by surface modification using
lauric acid. In this regard, it is believed that the attachment of lauric acid chain on the
OPL will enhance its hydrophobicity property, thus increasing the capability to

adsorb more crude oil.

1.3 Objectives of Study

The objectives of this study are :

i.  To prepare oil adsorbents from raw OPL.

ii. To modify the hydrophobicity properties of the OPL by using sodium
dedocyl sulphate (SDS) and lauric acid (LA).

iii.  To study the physicochemical properties of the OPL ntreated aNd OPL .

iv.  To optimize the removal of crude oil by the OPL_a under various adsorption
conditions.

v. To study the equilibrium, kinetics and thermodynamics properties of the
crude oil adsorption onto the OPL .

vi.  To apply the OPL_x to the synthetic crude oil contaminated seawater.



1.4

Scopes of Study

The scope of this study are:

Vi.

1.5

Preparation of adsorbent from raw OPL by drying method.

Modification of the hydrophobicity properties of the adsorbent by using
sodium dedocyl sulphate (SDS) and lauric acid (LA).

Characterization of the prepared adsorbent by Fourier transform infrared
spectroscopy (FTIR), Field emission-scanning electron microscopy
(FESEM), surface area analysis (BET) and thermogravimetric analysis
(TGA).

Optimization of crude oil removal from ageuous solution using OPL through
batch adsorption system under various parameters including hydrocarbon
fraction, surface modification, pH of the oily solution (2-11), adsorbent
dosage (0.05 - 1.30 g), contact time (0-60 min), initial crude oil
concentration (0-6400 mg L") and temperature (313-323 K).

Investigation of adsorption equilibrium isotherms using the Langmuir, the
Freundlich and the Temkin equilibrium models. The Kkinetics data was
subjected to kinetic study using Lagergren-pseudo-first-order and Ho-
psuedo-second-order equations and intraparticle diffusion model. The
thermodynamic parameters, which are the changes in enthalpy (AH®), entropy
(AS°) and standard free Gibbs energy (AG®) were calculated based on the
van’t Hoff equation. Lastly, the Arrhenius equation was used to calculate the
activation energy of the adsorption.

Application of the system to synthetic crude oil contaminated seawater using

seawater obtained from Teluk Ramunia.

Significance of Study

This work was conducted to study the adsorption of crude oil onto OPL.

Utilization of OPL, a waste from palm oil plantation for potential oil adsorbent

reduced the overall preparation costs. In addition, this effort also helped in the



elimenation of this waste in a proper way, thus minimizing environmental pollution.
On the other hand, the effective removal of oil spills from the seawater is a problem
of great importance and interest for the society worldwide. Due to the modification
of the adsorbent, OPL demonstrated high ability of adsorbing crude oil from aqueous
solution. In terms of efficiency and effectiveness, this oil sorbent rapidly removed
crude oil from crude oil contaminated seawater. As a consequence, modified OPL
was proven to boost a great and potential oil adsorbent for oil spill clean-ups, as well

as its contribution to the green and sustainable technology.

1.6 Thesis Outline

This thesis was divided into five main chapters. In Chapter 1, the introduction
for the overall study was discussed. Problem statement of the current research was
stated to stress on the reason why this research must be carried out. Objectives and
scopes of the study were clearly stated in the section 1.3 and 1.4, respectively. In
section 1.5, significance of the study was stated.

In Chapter 2, all the literature reviews related to the current phenomenon of
oil spill, and treatment technologies of oil spill removal were discussed. In addition,
this chapter also concluded several basic principals related to adsorption process and
their equilibrium, kinetics and thermodynamics studies. Extensive surveys on
previous study related to adsorption of oil by various types of adsorbents were also

discussed in this chapter.

Chapter 3 described all the methodologies related to current research.
Detailed information on the materials and chemicals used in this study were also
listed. This chapter also included the detailed methodologis of the preparation,

modification and also the adsorption of crude oil onto OPL.

Chapter 4 discussed all of the experimental results obtained from the

preliminary study comprehensively. The first part of this chapter involved the



characterization of OPL followed by the adsorption of oil under various parameters.
Finally, the equilibrium, kinetics and thermodynamics studies were discussed.

Finally, in Chapter 5 the conclusions obtained from this research were

reported. Some recommendations for future works were also included in this chapter.



REFERENCES

Abdullah, M.A., Rahmah, A.U. and Man, Z. (2010). Physicochemical and sorption
characteristics of Malaysian Ceiba pentandra (L.) Gaertn. as a natural oil
sorbent. Journal of Hazardous Material. 177: 683-691.

Abidin, M.A.Z., Jalil, A.A., Triwahyono, S., Adam, S.H. and Kamarudin, N.H.N.
(2011). Recovery of gold(l11) from an aqueous solution onto durio zibethinus

husk. Biochemical Engineering Journal. 54: 124-131.

Adebajo, M.O., Frost, R.L., Kloprogge, J.T., Carmody, O. and Kokot, S. (2003).
Porous material for oil spill clean-up: a review of synthesis and adsorbing

properties. Journal of Porous Material. 10(3): 159-70.

Ahmad, A.L., Ismail, S., lIbrahim, N. and Bhatia, S. (2003). Removal of suspended
solids and residual oil from palm oil mill effluent. Journal of Chemical

Technology and Biotechnology. 78: 971-978.

Ahmad, A.L., Bhatia, S., Ibrahim, N. and Sumathi, S. (2005a). Adsorption of
residual oil from palm oil mill effluent using rubber powder. Brazilian

Journal of Chemical Engineering. 22: 371-379.

Ahmad, A.L., Sumathi, S. and Hameed, B.H. (2005b). Adsorption of residue oil from
palm oil mill effluent using powder and flake chitosan: Equilibrium and
kinetic studies. Water Research. 39: 2483-2494.

Al-Ghouti, M., Khraisheh, M.A.M., Ahmad, M.N.M. and Allen, S. (2005).
Thermodynamic behavior and the effect of temperature on the removal of
dyes from aqueous solution using modified diatomite: a kinetic study. Journal
of Colloid and Interface Sciences. 287: 6-13.



82

Alther, R. (2002). Removing oils from water with organoclays. Journal American
Water Works Association. 94: 115-121.

API gravity. (n.d). In Wikipedia.Retrieved May 3, 2012 from
http://en.wikipedia.org/wiki/AP1_gravity.

Angelova, D., Usunov, I., Uzunova, S., Gigova, A. and Minchev, L. (2011). Kinetics
of oil and oil products adsorption by carbonized rice husks. Chemical
Engineering Journal.172: 306-311.

Argun, M.E., Dursun, S., Karatas, M. and Guru, M. (2008). Activation of pine cone
using Fenton oxidation for Cd(ll) and Pb(ll) removal. Bioresource
Technology. 99: 8691-8698.

Arief, V.O., Trilestari, K., Sunarso, J., Indraswati, N. and Ismadji, S. (2008). Recent
progress on biosorption of heavy metals from liquid using low cost
biosorbents: characterization, biosorption parameters and mechanism studies.
CLEAN-Soil Air Water 36: 937-962.

Banerjee, S.S., Joshi, M.V. and Jayaram, R.V. (2006). Treatment of oil spill by
sorption technique using fatty acid grafted sawdust. Chemosphere. 64: 1026-
1031.

Bastani, D., Safekordi, A.A., Alihosseini, A. and Taghikhani, V. (2006). Study of oil
sorption by expanded perlite at 298.15 K. Separation and Purification
Technology. 52: 295-300.

Bera, D., Lahiri, D. and Nag, A. (2004). Kinetics study on bleaching of edible oil
using charred sawdust as a new adsorbent. Journal of Food Engineering. 65:
33-36.

Bertness, T.A. and Lipoma S.P. (1986). US Patent No. 4,877,536. Method of treating

saline water.


http://en.wikipedia.org/wiki/API_gravity

83

Bessa, E., Sant’Anna Jr. G.L. and Dezzoti, M. (2001). Photocatalytic/H,O; treatment
of oil field produced water. Applied Catalysis B. 29: 125-134.

Bhatnagar, A., Minocha, A.K. and Silanpaa, M. (2010). Adsorptive removal of
cobalt from aqueous solution by utilizing lemon peel as biosorbent.
Biochemical Engineering Journal. 48: 181-186.

Bosco, S.M.D., Jimenez. R.S. and Carvalho, W.A. (2005). Removal of toxic metals
form wastewater by Brazilian nature scolecite. Journal of Colloid and
Interface Science. 281: 424-431.

Choi, H.M. and Cloud, R.M. (1992). Natural sorbents in oil spill cleanup.
Environmental Science and Technology. 29: 772-776.

Crini, G., Peindy, H.N., Gimbert, F. and Robert, C. (2007). Removal of C.I. Basic
Green 4 (Malachite Green) from aqueous solutions by adsorption using
cyclodextrin-based adsorbent: Kinetic and equilibrium studies. Journal of
Separation and Purification Technology. 53: 97-110.

Daneshvar, N., Khatee, A.R., Rasoulifard, M.H. and Pouhassan, M. (2007)
Biodegradation of dye solution containing Malachite Green: optimization of
effective parameters using Taguchi method. Journal of Hazardous Materials.
143: 214-219.

Deng, S., Yu, G., Jiang, Z., Zhang, R. and Ting, Y.P. (2005). Destabilization of oil
droplets in produced water from ASP flooding. Colloids and Surface A. 252:
113-1109.

Deschamps, G., Caruel, H., Borredon, M.-E., Bonnin, C. and Vignoles, C. (2003).
Oil removal from water by selective sorption on hydrophobic cotton fibres. 1.
Study of sorption properties and comparison with other cotton fiber-based

sorbents. Journal of Environmental Science and Technology. 37: 1013-1015.

Doerffer, J.W. (1992). Qil spill response in the marine environment, Pergamon Press.



84

Doyle, D.H., Daniel, F. and Brown, A.B. (1997). Field test of produced water
treatment with polymer modified bentonite. SPE Rocky Mountain Regional

meeting. 18-21 May. Casper, Wyoming, USA.

Durali, A.S., Mustafa, M. and Mustafa, T.S. (2009). Biosorption of palladium(Il)
from aqueous solution by moss (Racomitrium lanuginosum) biomass:
Equilibrium, kinetic and thermodynamic studies. Journal of Hazardous
Materials. 162: 874-879.

Eakalak, K., Wanpen, V. and Thunyaluk, R. (2004). Use of biomass sorbents for oil

removal from gas station runoff. Chemosphere. 57: 681-689.

Fakhru’l Razi, A., Alireza, P., Lugman, C.A., Dayang, R.A.B., Sayed, Z S.M. and
Zurina, A. (2009). Review of technologies for oil and gas produced water

treatment. Journal of Hazardous Materials. 170: 530-551.

Fanta, G.F., Abbort, T.P., Burr, R.C. and Doane, W.M. (1987). lon exchange
reactions of quaternary ammonium halides with wheat straw. Preparations of

oil-adsorbents. Carbohydrate Polymer. 7: 97-109.

Farah, J.Y., EI-Gendy, N.S. and Farahat, L.A. (2007). Biosorption of astrazone blue
basic dye from an aqueous solution using dried biomass of Baker’s yeast.

Journal of Hazardous Materials. 148: 402-408.

Fingas, M. Oil spills: why do they happen and how often?. Fingas, M. (2000). The
Basics of Oil Spill Cleanup, (2nd ed.) New York.

Fujishima, A. and Honda, K. (1972). Electrochemical photolysis of water at a

semiconductor electrode. Nature. 238: 37-38.

Hameed, B.H. (2009). Removal of cationic dye from agqueous solution using jackfruit
peel as non-conventional low-cost adsorbent. Journal of Hazardous
Materials. 162: 344-350.



85

Hashim, R., Nadhari, W.N.A.W., Sulaiman, O., Kawamura, F., Hiziroglu, S., Sato,
M., Sugimoto, T., Seng, T.G. and Tanaka, R. (2011). Characterization of raw
materials and manufactured binderless particleboard from oil palm biomass.
Materials and Design. 32: 246-254.

Hashim, R., Saari, N., Sulaiman, O., Sugimoto, T., Hiziroglu, S., Sato, M. and
Tanaka, R. (2010). Effect of particle geometry on the properties of binderless
particleboard manufactured from oil palm trunk. Materials and Design. 31:
4251-4257.

He, Y. and Jiang, Z.W. (2008). Treating oilfield wastewater: technology review.
Filtration and Separation. 45: 14-16.

Ho, Y.S. and McKay, G. (1999). Pseudo-second order model for sorption processes.
Process Biochemistry. 34: 451-465.

Holloway, F.H. (1977). The chemical treatment of offshore oil and gas production.
Proceedings of the Offshore Europe Conference. 5-15 September. Aberdeen,
United Kingdom.

Hommel, R.K. (1990). Formation and physiological role of biosurfactants produced

by hydrocarbon-utilizing microorganism. Biodegradation. 1: 107-1109.

Huang, C.-H., Chang, K.-P., Ou, H.-D., Chiang, Y.-C. and Wang, C.-F. (2011).
Adsorption of cationic dyes onto mesoporous silica. Microporous and
Mesoporous Material. 141: 102-1009.

Hussein, M., Amer, A.A. and Sawsan, I.1. (2008). QOil spill sorption using carbonized
pith bagasse: trial for practical application. Journal of Environmental and
Science Technology. 5: 233-242.



86

Ibrahim, S., Wang, S. and Ang, H.M. (2010). Removal of emulsified oil from oily
wastewater using agricultural waste barley straw. Biochemical Engineering
Journal. 49: 78-83.

Jalil, A.A., Triwahyono, S., Adam, S.H., Rahim, N.D., Aziz, M.A.A., Hairom,
N.H.H., Razali, N.A.M., Abidin, M.A.Z. and Mohamadiah, M.K.A. (2010).
Adsorption of methyl orange from aqueous solution onto calcined Lapindo

volcanic mud. Journal of Hazardous Materials. 181: 755-762.

Jordan, R.E. and Payne, J.R. (1980). Fate and Weathering of Petroleum Spills in the
Marine Environment: A Literature Review and Synopsis. Ann Arbor, MI:

Ann Arbor Science Publisher.

Judd, S. and Jefferson, B. (2003). Membranes for Industrial Wastewater Recovery

and Reuse. Oxford, United Kingdom: Elsevier.

Jumasiah, A., Chuah, T.G., Gimbon, J., Choong, T.S.Y. and Azni, 1. (2005).
Adsorption of basic dye onto palm kernel shell activated carbon: Sorption
and kinetics studies. Desalination. 186: 57-64.

Kadirvelu. K. and Namasivayam, C. (2003). Activated carbon from coconut coirpith
as metal adsorbent: adsorption of Cd(ll) from aqueous solution. Advances in

Environmental Research. 7: 471-478.

Karaksi, O.K. and Moutsatsou A. (2010). Surface modification of high calcium fly
ash for its application in oil spill clean-up. Fuel. 89: 3966-3970.

Kiran, I., Akar, T. and Tunali, S. (2005). Biosorption of Pb(ll) and Cu (II) from
aqueous solutions by pretreated biomass of Neurospora crassa. Process
Biochemistry. 40: 3550-3558.

Kinematic viscosity. (n.d). In Wikipedia.Retrieved May 3, 2012 from
http://en.wikipedia.org/wiki/Viscosity#Kinematic_viscosity.


http://en.wikipedia.org/wiki/Viscosity#Kinematic_viscosity

87

Klass, D.L. (1998). Biomass for renewable energy fuels and chemicals, Academic
Press, San Deigo, CA.

Knudsen, B.L., Hjelsvold, M., Frost, T.K., Grini, P.G., Willumsen, C.F. and Torvik,
H. (2004). Meeting the zero discharge challenge for produced water.
Proceeding of the Seventh SPE International Conference on Health, Safety,
and Environment in Oil and Gas Exploration and Production. 29-31 March.

Calgary, Alberta, Canada.

Kumagai, S., Noguchi, Y., Kurimoto, Y. and Takeda, K. (2007). Oil adsorbent
produced by the carbonization of rice husks. Waste Management. 27: 554—
561.

Lagergren, S. (1898). About the theory of so-called adsorption of soluble substances.
Kungliga Svenska Vetenskapsakademiens Handlingar. 24: 1-39.

Lauric acid. (n.d). In Wikipedia.Retrieved May 3, 2012 from
http://en.wikipedia.org/wiki/Lauric_acid.

Lebedeva, E.V. and Fodgen, A. (2011). Nano-scale structure of crude oil deposits on
water-wet substrates: Dependence on aqueous phase and organic solvents.
Colloids and Surfaces A: Physicochemical and Engineering Aspects. 380:
280-291.

Li,Q., Chai,L., Yang, Z. and Wang, Q.(2009). Kinetics and thermodynamic of Pb(ll)
adsorption onto modified spent grain from aqueous solutions. Applied Surface
and Science. 255: 4298-4303.

Lim, T.T. and Huang, X. (2007). Evaluation of kapok (Ceiba Pentandra (L.)
Gaertn.) as a natural hollow hydrophobic-oleophilic fibrous sorbent for oil
spill cleanup, Chemosphere. 66: 955-963.

Madaeni, S.S. (1999). The application of membrane technology for water
disinfection. Review paper. Water Resolution. 33: 301-308.


http://en.wikipedia.org/wiki/Lauric_acid

88

Mall, 1.D., Srivastava, V.C., Agarwal, N.K. and Mishra, .M. (2005). Removal of
congo red from aqueous solution by bagasse fly ash and activated carbon:

kinetic study and equilibrium isotherm analyses. Chemosphere. 61: 459-467.

Mao, J., Won, S.W., Choi, S.B., Lee, M.W. and Yun, Y.S. (2009). Surface
modification of the Corynebacterium glutamicum biomass to increase
carboxyl binding site for basic dyes molecules. Biochemical Engineering
Journal. 49: 1-6.

Marin, A.B.P., Ortuno, J.F., Aguilar, M.1., Meseguer, V.S., Saez, J. and Llorens, M.
(2010). Use of chemical modification to determine the binding of Cd(ll),
Zn(1) and Cr(111) ions by orange waste. Biochemical Engineering Journal.
53: 2-6.

Mckay, G., Blair, H.S. and Gardner, J.R. (1982). Adsorption of dyes on chitin. I.
Equilibrium studies. Journal of Applied Polymer Science. 27: 3043-3057.

Metcalf and Eddy. (2003). Wastewater Engineering: Treatment and Reuse. New

York: McGraw Hill International Edition.

Micheal, S., Heike, K. and Helmar, S. (1994). Adsorption kinetics of emulsifiers at
oil-water interfaces and their effect on mechanical emulsification. Chemical

Engineering Process. 33: 307-311.

Moazed, H. and Viraraghavan, T. (2005). Removal of oil from water by bentonite
organoclay. Practice Periodical Hazardous, Toxic and Radioactive Waste
Management. 9: 130-134.

Nevine, K.A. (2005). Removal of direct blue-106 dye from aqueous solution using
new activated carbons developed from pomegranate peel: Adsorption
equilibrium and kinetics. Journal of Hazardous Materials. 165: 52-62.



89

Ngah, W.S.W. and Hanafiah, M.A.K.M. (2008). Adsorption of copper on rubber
(Hevea Brasiliensis) leaf powder: kinetic, equilibrium and thermodynamic

studies. Biochemical Engineering Journal. 39: 521-530.

Palmer, L.L., Beyer, A.H. and Stock, J. (1981). Biological oxidation of dissolved
compounds in oilfield produced water by a field pilot biodisk. Journal of
Petroleum Technology. 8308: 1136-1140.

Pandey, K.K. and Pitman, A.J. 2003. FTIR studies of the changes in wood chemistry
following decay by brown-rot and white-rot fungi. Journal of International
Biodeterioration and Biodegradation. 52: 151-160.

Pérez-Marin, A.B., Zapata, V.M., Ortuno, J.F., Aguilar, M., Séez, J. and Lloréns, M.
(2007). Removal of cadmium from aqueous solution by adsorption onto

orange waste. Journal of Hazardous Materials. 139: 122-131.

Plebon M.J., Saad, M. and Fraser, S. Further Advances in Produced Water De-oiling
Utilizing a Technology that Removes and Recover Dispersed Oil in Produced
Water 2 micron and Larger. 12" International Petroleum Environmental
Conference. November 8-11. Houston, TX. 2005.

Radetic, M., llic, V., Radkojevic, D., Miladinovic, R., Jocic, D. and Jovancic, R.
(2008). Efficiency of recycled wool-based nonwoven material for the removal

of oils from water. Chemosphere. 70: 525-530.

Radetic, M.M., Jocic, D.M., Jovancic, P.M., Petrovic, Z. and Lj.,Thomas, H.F.
(2003). Recycled wool based non-woven material as an oil sorbent.

Environmental Science and Technology. 37: 1008-1012.

Rahman, M.S. and Islam, M.R. (2009). Effect of pH on isotherms modeling for Cu
(I1) ions adsorption using maple wood sawdust. Journal of Chemical
Engineering. 149: 273-280.



90

Rajakovi¢-Ognjanovi¢, V., Aleksi¢, G. and Rajakovi¢, Lj. (2008). Governing factors
for motor oil removal from water with different sorption materials. Journal of
hazardous Materials. 154: 558-563.

Rauf, M.A., Qadri, M.S., Ashraf, S. and Al-Mansoori, K.M. (2009). Adsorption
studies of Toluidine Blue from aqueous solution onto gypsum. Journal of
Chemical Engineering. 150: 90-95.

Reynolds, J.G., Coronado, P.R. and Hrubesh, L.W. (2001). Hydrophobic aerogels for
oil spill clean up-synthesis and characterisation, Journal of Non-Crystalline
Solids. 292: 127-137.

Ribeiro, T.H., Rubio, J. and Smith, R.W. (2003). A dried hydrophobic aquaphyte as
an oil filter for oil/water emulsions. Spill Science and Technology Bulletin. 8:
483-489.

Ricordel, S., Taha, S., Cisse, I. and Dorange, G. (2001). Heavy metals removal by
adsorption onto peanut husk carbon: Characterization, kinetic study and

modeling. Separation and Purification Technology. 24: 389-401.

Roulia, M., Chassapis, K., Fotinopoulos, Ch., Savvidis, Th. and Katakis, D. (2003).
Dispersion and sorption of oil spills by emulsifier-modified expanded perlite.
Spill Science and Technology Bulletin. 8(5-6): 425-31.

Sari, A., Tuzen, M., Citak, D. and Soylak, M. (2007). Equilibrium, Kkinetic and
thermodynamic studies of adsorption of Pb (1) from aqueous solution onto
Turkish koalinite clay. Journal of Hazardous Materials. 149(2): 283-291.

Sawyer, N.C., Carty, P.L.M. and Parkin, G.F. (1994). Chemistry for environmental
engineering. Singapore: Mc Graw Hill.

Sayed, S.A. and Zayed, A.M. (2006). Investigation of the effectiveness of some
adsorbent materials in oil spill clean-ups. Desalination. 194: 90-100.



91

Schatzerg,P. (1971). Investigations of sorbents for removing oil spills from water.
US Coast Guard Report. No. 724110.1/2/1, US Coast Guard Headquaters,
Washington DC.

Seureau, J.J., Aurelle, Y. and Hoyack, M.E. (1994). A three-phase separator for the
removal of oil and solids from produced water. SPE Annual Technical

Conference and Exhibition. 25-28 September. New Orleans, Lousiana, USA.

Silva Jr., U.G.D., Melo, M.A.F., de Silva, A.F. and Farias, R.A. (2003). Adsorption
of crude oil on anhydrous and hydrophobized vermiculite. Journal of Colloid
and Interface Sciences. 260: 302-304.

Sing, K.S.W. (1989). Adsorption Methods for the Characterization of Porous
Materials. Advances in Colloid and Interface Science. 76-77: 3-11.

Singh, S., Wu, C. and Williams, P.T. (2012). Pyrolysis of waste materials using
TGA-MS and TGA-FTIR as complementary characterization techniques.
Journal of Analytical and Applied Pyrolysis 94: 99-107.

Sokker, H.H., El-Sawy, N.M., Hassan, M.A. and EIl-Anadouli, B.E. (2011).
Adsorption of crude oil from aqueous solution by hydrogel of chitosan based
polyacrylamide prepared by radiation induced graft polymerization. Journal
of Hazardous Materials. 190: 359-365.

Sonune, A. and Ghate, R. (2004). Developments in wastewater treatment methods.
Desalination. 167: 55-63.

Specific gravity. (n.d). In Wikipedia.Retrieved May 3, 2012 from
http://en.wikipedia.org/wiki/Specific_gravity.

Sreekala, M.S. and Thomas, S. (2003). Effect of fibre surface modification on water-
sorption characteristics of oil palm fibres. Composites Science and
Technology. 63: 861-869.


http://en.wikipedia.org/wiki/Specific_gravity

92

Srinivisan, A. and Viraraghavan, T. (2008). Removal of oil by walnut shell media.
Bioresource Technology. 99: 8217-8220.

Standal, S., Haavik, J., Blokhus, A.M. and Skauge, A. (1999). Effect of polar organic
compounds on wettability as studied by adsorption and contact angles.
Journal of Petroleum Science and Engineering. 24: 131-144.

Sumathi, S., Chai, S.P. and Mohamed, R. (2008). Utilization of oil palm as a source
of renewable energy in Malaysia. Renewable and Sustainable Energy
Reviews. 12: 2404-21.

Sun, R.C. and Sun, X.F. (2002). Structural and thermal characterization of acetylated
rice, wheat, rye, and barley straws and poplar wood fibre. Industrial Crops
Production. 16: 225-235.

Sun, X.F., Sun, R.C. and Sun, J.X. (2004). Acetylation of sugarcane bagasse using
NBS as a catalyst under mild reaction conditions for the production of oil
sorption-active materials. Bioresource Technology. 95: 343-350.

Teas, C., Kalligeros, S., Zanikos, F., Stournas, S., Lois, E. and Anastopoulos, G.
(2001). Investigation of the effectiveness of absorbent materials in oil spills
clean up. Desalination. 140: 259-264.

Tellez, G.T., Nirmalakhandan, N. and Gardea-Torresdey, J.L. (2002). Performance
evaluation of an activated sludge system for removing petroleums
hydrocarbon from oilfield produced water. Advanced Environmental
Resolution. 6: 455-470.

Temkin, M.J. and Pyzhev, V. (1940). Recent modifications to Langmuir isotherms.
Acta Physichocimica U.S.S.R. 12:217-222.

Toyoda, M., Aizawa, J. and Inagaki, M. (1998). Sorption and recovery of heavy oil
by using exfoliated graphite. Desalination. 115: 199-201.



93

Trejo-Hernandez, M.R., Ortiz, A., Okoh, A.l., Morales, D. and Quintero, R. (2007).
Biodegradation of heavy crude oil Maya using spent compose and sugar cane

bagasse wastes. Chemosphere. 68: 848-855.

Urum, K., Pekdemir, T. and Copur, M. (2004). Surfactants treatment of crude oil
contaminated soils. Journal of Colloid and Interface Sciences. 276: 456-464.

Vlaev, L., Petkov, P., Dimitrov, A. and Genieva, S. (2011). Cleanup of water
polluted with crude oil or diesel fuel using rice husks ash. Journal of the

Taiwan Institute of Chemical Engineers.

Wade, L.G. (2006). Organic Chemistry, United States of America: Pearson

Education International.

Wan Ngah, W.S. and Hanafiah, M.A.K.M. (2008). Biosorption of copper ions from
dilute aqueous solution on base treated rubber (Hevea brasiliensis) leaves
powder: Kkinetics, isotherm, and biosorption mechanism. Journal of
Environmental Sciences. 20: 1168-1176.

Wang, D., Silbaugh, T., Pfeffer, R. and Lin, Y.S. (2010). Removal of emulsified oil
from water by inverse fluidization of hydrophobic aerogels. Powder
Technology. 203: 298-309.

Weber, W.J. and Morris, J.C. (1963). Kinetics of adsorption on carbon from solution.
Journal Sanitary Engineering Division: American Society and Civil
Engineers. 89: 31-60.

Wei, Q.F., Mather, R.R. and Fortheringham, A.F. (2005). Oil removal from used

sorbents using a biosurfactant. Bioresource Technology. 96: 331-334.

Yang, H., Yan, R., Chen, H., Lee, D.H. and Zheng, C. (2007). Characteristics of
hemicelluloses, cellulose, and lignin pyrolysis. Fuel. 86: 1781-1788.



94

Zaidi, A., Simms, K.S. and Nelson, R. (1992). Recent advances in the application of
membrane technology for the removal of oil and suspended solids from
produced water. in: J.P. Ray, F.R. Engelhardt (Eds.), Produced Water:
Technological/Environmental Issues and Solutions (489-502) New York:

Plenum Publishing Corp.

Zhou, F.S., Zhao, M.F., Ni, W.X,, Dang, Y.S., Pu, C.S. and Lu, F.J. (2000).
Inorganic polymeric flocculent FMA for purifying oilfield produces

wastewater: preparation and uses. Oilfield Chemistry. 17: 256-2509.





